Some unusual features observed in hadronic collisions at high energies can be understood assuming that gluons in hadrons are located within small spots occupying only about 10% of the hadron's area. Such a conjecture about the presence of two scales in hadrons helps to explain: why diffractive gluon radiation so much suppressed; why the triple-Pomeron coupling shows no t-dependence; why total hadronic cross sections rise with energy so slowly; why diffraction cone shrinks so slowly, and why α ′ I P ≪ α ′ I R ; why the transition from hard to soft regimes in the structure functions occurs at rather large Q 2 ; why the observed Cronin effect at collider energies is so weak; why hard reactions sensitive to primordial parton motion (direct photon, Drell-Yan dileptons, heavy flavors, back-to-back di-hadrons, seagull effect, etc.) demand such a large transverse momenta of the projectile partons, which is not explained by NLO calculations; why the onset of nuclear shadowing for gluons is so much delayed compared to quarks, and why shadowing is so weak.
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I. INTRODUCTION
The first manifestations of the gluon contribution to the total hadronic cross sections go back to the early 70s when energy rising cross sections were observed in ISR experiments. Indeed, treating a hadron as a bound state in nonrelativistic quantum mechanics, its transverse size is invariant relative to longitudinal boosts, and therefore one may expect a constant cross section at high energies (Pomeranchuk limit). Rising cross sections require new degrees of freedom, which was attributed to the emission of gluons.
The radiation of gluons is quite different from photon radiation. Gluons can radiate other gluons, and therefore with the same probabilities at any rapidity, which makes it easier for gluons to cover the large rapidity interval between the colliding hadrons. On the contrary, photon radiation vanishes exponentially at large rapidity intervals from the source. Due to integration over phase space the radiation of each gluon brings a power of ln(s) to the cross section (BFKL regime [1] ). Another clear difference between QCD and QED is that the non-Abelian nature of the interactions results in elastic hadronic amplitudes which are nearly imaginary (nearly real in QED).
One may wonder however why the observed rise of the total hadronic cross sections is so slow, approximately s 0.1 ? The total cross section is dominated by soft interactions, so the QCD coupling is large, and a steep energy dependence is in principle expected. Some dynamics must therefore suppress gluon radiation. This observation might have been a first hint to the idea of the existence of a semihard scale in hadrons, which controls and suppresses gluon radiation.
Another hint to this phenomenon came by in about the same period of time, from data on diffraction. It was discovered that diffractive gluon radiation is quite suppressed compared to simple expectations for this soft reaction. This is the well known problem of the smallness of the triple-Pomeron coupling, which is a direct indication of the presence of a semihard scale. Thus, data suggest an enhanced Fermi motion of gluons in light hadrons compared to the inverse hadronic radius. Correspondingly, gluons in the hadron should be located within spots of a small size. This picture was suggested in [2] , and the mean radius of the spots was fitted to diffractive data at r 0 = 0.3 fm. Therefore the area of a gluonic spot is an order of magnitude smaller than the area of the hadron.
This observation is in accord with nonperturbative QCD models. For instance, a small gluon correlation radius 0.35 fm is a result of lattice calculations [3] , and it is also predicted by the instanton model [4] , related in this case to the instanton size 0.3 fm. Phenomenological applications of this effect were discussed in [5] . The smallness of the mean radius of gluon distribution in the proton was also confirmed by an analysis of hadronic matrix elements of the gluonic contribution to the energy momentum tensor, using QCD sum rules. It gave a value of 0.3 fm for the radius of the corresponding gluonic form factor [6] .
In this paper we present several experimental facts, which so far have not had a clear interpretation, but which can be explained assuming the location of gluons within small spots. In Sect. II we demonstrate that diffractive gluon bremsstrahlung is strongly suppressed, and that this fact is an important evidence for the smallness of gluonic spots. Such a conjecture also explains an unusual feature of the triple Pomeron coupling, which is the absence of a form factor.
In Sect. III we relate the smallness of the energy slope, ǫ = d ln(σ tot )/d ln(s) = 0.1 to the gluonic semihard scale in the proton.
In Sect. IV we consider the longstanding problem of the smallness of the Pomeron trajectory slope, α ′ I P = 0.25 GeV −2 , compared to Regge trajectories, α ′ I R = 0.9 GeV −2 . Within the same model of gluonic spots we predict an even smaller value α ′ I P = 0.1 GeV −2 , which indeed was observed in electroproduction of vector mesons. Although the effective slope of the Pomeron trajectory observed in pp collisions, α ′ I P = 0.25 GeV −2 , is larger than expected, this is well explained by saturation of unitarity. Within the same model we well reproduced the large value of the slope of Regge trajectories, α ′ I R ≈ 1 GeV −2 . In Sect. V we study the manifestations of the two hadronic scales in the transition from hard to soft regimes in DIS. We conclude that the observed slowing down towards the soft limit and final drop of the logarithmic Q 2 derivative of the structure function is related not to the phenomenon of saturation expected at small x, but to the reduction of Q 2 correlated with x in data. Naturally, gluons located within small spots have an enhanced Fermi motion. In Sect. VI we list experimental evidences for an increased primordial transverse momenta of gluons in projectile hadrons. One of the consequences is a very weak Cronin effect, predicted in [7] and successfully verified at RHIC.
Localization of gluons within small spots leads also to dramatic changes in nuclear effects of coherence, considered in Sect. VII, such as gluon shadowing and color glass condensate, which are expected to be much weaker than usually believed. This is a result of the rather small overlap of the gluonic spots in the transverse plane. Increased transverse momentum of gluons also makes them effectively heavier. This results in a reduction by an order of magnitude of the coherence time related to gluon shadowing, and delays the onset of shadowing of gluons compared to quarks.
Some of the listed results have been already published in conference proceedings [8, 9] .
II. GLUON RADIATION SUPPRESSION
If gluons in hadrons are located in small spots of radius r 0 , they have enhanced transverse momenta q T ∼ 1/r 0 . For soft interactions it is difficult to resolve such gluons and shake them off, i.e. the gluon bremsstrahlung cross section should be suppressed compared to perturbative estimates. However, in the case of an inelastic collision followed by multiparticle production the events with or without gluon radiation look alike. Indeed, a colorexchange interaction results in two flying away colored clusters of remnants of the colliding hadrons, which can produce particles even if no gluons are radiated, just by means of string breaking. The produced particles build a plateau in rapidity similar to gluon bremsstrahlung, and it is therefore difficult to find any certain signature for the radiated gluons.
A. Small triple-Pomeron coupling
On the other hand, diffraction offers an exceptional possibility to identify gluon radiation. A high-energy hadron can dissociate diffractively either via excitation of the valence quark skeleton, or by the radiation of gluons, and these two mechanisms are characterized by different dependence on the effective mass (M X ) of the excitation [10] ,
The M X -dependence at large M X correlates with the spin of the slowest particle produced in the excitation. Only a vector particle, i.e. a gluon, can provide a 1/M 2 X dependence. Thus, one can single out the large mass tail from the M X -distribution which gives the cross section of diffractive gluon radiation.
There is a simple hint showing that the diffractive excitation cross section is unexpectedly small. In fact, it has been known since the 70s that the triple-Pomeron coupling is quite small. To appreciate this statement one can express diffraction in terms of the Pomeron-proton total cross section, as is demonstrated pictorially in Fig. 1 . Treating the Pomeron as a gluonic dipole, one may expect a cross section which is a Casimir factor 9/4 larger than that for quarkonium. Comparing with the pion-proton cross section one arrives at about 50 mb. However, experimental results for σ Fig. 2 , give a quite smaller value, less than 2 mb at large M 2 X , where the triple Pomeron term is expected to dominate. At smaller invariant masses M X the triple Regge term IP IP IR is responsible for the contribution that decreases with decreasing M X .
The Pomeron-Pomeron total cross section measured in double diffractive processes is plotted in Fig. 3 . It turns out that σ I P I P tot is even an order of magnitude smaller than σ The total Pomeron-Pomeron cross section measured in double diffractive processes [12] . Samples labeled "AND" and "OR" correspond to different criteria of event selection. The solid and dashed curves correspond to expectations based or Regge factorization [12] .
has a smaller transverse size, then its interaction is subject to color transparency [13] and the cross section may be very small. Therefore a straightforward explanation for the above dramatic disagreement would be a much smaller size of the gluonic dipole (Pomeron) compared to the quark-antiquark dipole (pion), and as a consequence one concludes that gluons should be located within small spots in the proton. Moreover, making the simple conjecture that the cross section is πR 2 I P , the Pomeron radius was found in [14] to be R 2 I P = 0.01 fm 2 , which is an order of magnitude smaller than the result of [2] and the evaluations done in this paper.
The above argumentation is rather speculative, since the possibility to describe diffraction in terms of a Pomeron flux is questionable beyond the Regge-pole model. A more consistent approach would be a calculation of gluon radiation caused by a colorless gluonic exchange (Pomeron). If Weizsäcker-Williams gluons in the proton are located within small spots which are hardly resolved by soft interactions, bremsstrahlung will be suppressed. The mean transverse size of these spots was fitted in [2] to single diffraction data with large effective masses and found to be r T ∼ r 0 = 0.3 fm. Such gluons have much more intensive Fermi motion than massless perturbative ones, and they are less sensitive to an external kick, i.e. gluon radiation is suppressed.
Let us start by calculating the cross section of diffractive gluon radiation by a high-energy quark interacting with a nucleon. For this purpose we need the light-cone wave function of the quark-gluon Fock component of a quark, which was calculated in [2] within a model describing the nonperturbative interaction of gluons via a phenomenological light-cone potential taken in an oscillatory form. The result reads,
Here r T is transverse quark-gluon separation; e is the gluon polarization vector. We assume that the gluon, which is a vector particle, is carrying a negligible fraction α ≪ 1 of the quark momentum.
Of course the concrete shape of the light-cone potential is not crucial, important is the smallness of the mean quark-gluon separation. Alternatively, one can rely on the perturbative light-cone distribution amplitude for the quark-gluon fluctuation, but assuming the gluon to be effectively heavy. The corresponding light-cone distribution amplitude for radiation of a transversely polarized gluon with α ≪ 1 reads [2, 15] ,
With the effective gluon mass m g ≈ 0.7 GeV the mean quark-gluon transverse separations with Eqs. (2) and (3) are similar.Thus, either Eq. (2), or Eq. (3) can be viewed as a source of small gluonic spots in the proton. Once the light-cone quark-gluon distribution function is known, one can calculate the cross section of diffractive gluon radiation by a high-energy quark interaction with a nucleon [2] ,
dx F dp 2
Here the cross section σ(r T , s) is not just the cross section of interaction of a qG dipole. In fact, this dipole is not even colorless. As usual, diffractive excitation is possible due to the difference between elastic amplitudes for different Fock states, in this case the bare quark |q 0 and the |qG pair. Since they have the same color, the difference emerges from the color-dipole moment of the q − G pair. It is shown in [2] (see in particular Appendix A.2) that σ(r T , s) = 9 8 σ(r T , s), where σ(r T , s) is the cross section for the interaction of a nucleon with adipole of transverse separation r T ..
We use the saturated form of this energy dependent dipole cross section, suitable for the soft processes under consideration,
where R 0 (s) = 0.88 f m (s 0 /s) 0.14 and s 0 = 1000 GeV 2
[2]. The energy dependent factor σ 0 (s) is defined as,
where r 2 ch π = 0.44 ± 0.01 f m 2 is the mean square of the pion charge radius. The s-dependent dipole cross section Eq. (5) is fitted [2] to data for hadronic cross sections, for real photoproduction and also for low-Q 2 HERA data for the proton structure function. The cross section (5) averaged with the pion wave function squared (see below) automatically reproduces the pion-proton cross section.
The next step is to integrate over p T the cross section of diffractive gluon radiation provided that the forward one, Eq. (4), is known. In terms of Regge phenomenology, diffractive radiation corresponds to the triple-Pomeron term in the cross section of single diffraction. Data agree with a Gaussian p T -dependence of the triple-Pomeron term with the slope [10] ,
where B 0 3I P = 4.2 GeV −2 , and α ′ I P = 0.25 GeV −2 . Now we are in a position to evaluate the effective triplePomeron part of the single diffraction cross section for pp collisions, employing the wave function Eq. (2) and the saturated shape for the cross section Eq. (5),
At high energies ǫ(s) is rather small, and then the single diffractive cross section Eq. (8) is proportional to r 4 0 . This is why this process is quite sensitive to the value of r 0 , and therefore provides an efficient way to determine the size of gluonic spots in the proton, r 0 ≈ 0.3 fm [2] .
Notice that the interference between the diffractive amplitudes of gluon radiation by different quarks in the proton should not be appreciable, since r 0 is small compared to the proton radius. Explicit calculations performed in [2] confirm this.
B. Unitarity corrections
Any large rapidity gap process is subject to unitarity or absorptive corrections, which may be substantial. Indeed, initial/final state interactions tend to fill the rapidity gap by producing particles, and one may treat such corrections as a survival probability of the rapidity gap. Such corrections are in general especially large and may completely terminate the gap in the vicinity of the unitarity limit, which is also called black disk regime. Notice that elastic scattering is an exclusion: unitarity corrections enhance it, and the elastic cross section is maximal in the black disk limit.
Since the phenomenological dipole cross section σ(s) is fitted to data, we assume that it includes by default all the unitarity corrections. Thus, the amplitude of diffractive excitation of a quark, qN → qGN , does include all the absorptive corrections contained in the phenomenological dipole cross section. However, the presence of other projectile valence quarks, the spectators, should not be ignored. Indeed, any inelastic interactions of the large-size three quark dipole in the proton, will cause particle production which will fill the rapidity gap. Thus one may expect large absorptive corrections to the cross section of diffractive gluon radiation.
Data for elastic pp scattering show that the partial amplitude f pp el (b, s) hardly varies with energy at small impact parameters b → 0, while rises as a function of energy at large b [17] [18] [19] . This is usually interpreted as a manifestation of saturation of the unitarity limit, Im f pp el ≤ 1. Indeed, this condition imposes a tight restriction at small b, where Im f pp el ≈ 1, leaving almost no room for further rise. Correspondingly, the amplitude of any off-diagonal process including single triple-Pomeron diffraction acquires a suppression factor
due to unitarity or absorptive corrections. This factor, which expresses the survival probability of LRG, is known to decrease with energy [20] . The interplay of the rising and falling energy dependence of the two factors in (9) may explain the observed flat behavior of the single diffractive cross section [21, 22] .
is known directly from data, it would be straightforward to just fit the data with any proper parametrization, and use the result in Eq. (9). Alternatively, one can use any model which provides a good description for Im f pp el (b, s). It is demonstrated in [19] that even the simple model that treats the Pomeron as a Regge pole with no unitarity corrections, describes reasonably well not only the total hadronic cross sections, but even the data for f pp el (b, s). In this model,
Here and for further applications we use the parametrization from [23] ,
where M 0 = 1 GeV. The Reggeon part of the cross section σ pp R (s) is small at high energies and can be found in [23] . The elastic slope is
with B 0 el = 8.9 GeV −2 and α ′ I P = 0.25 GeV −2 . Note that the elastic amplitude at small impact parameters, i.e. the pre-exponential factor in (10), hardly changes with energy, imitating saturation of unitarity. This fact was known back in the 70s as a geometrical scaling. It is demonstrated in [19] (see Fig. 9 ) that not only at b = 0, but in the whole range of impact parameters the model Eq. (10) (10) we arrive at the following cross section for single diffraction integrated over momentum transfer,
Comparing this result with experimental data one can find the mean gluonic radius r 0 . We use the triple-Regge fit [10] which gives for the triple-Pomeron part of the cross section,
where G 3I P (0) = 3.2 mb/ GeV 2 is the effective triple Pomeron coupling at t = 0, including also three Pomeronproton vertices.
We fix the QCD coupling at the scale corresponding to the mean transverse momentum of gluons, α s (1/r 2 0 ) ≈ 0.4 [19] . Then, comparing Eqs. (12) and (13) we arrive at r 0 ≈ 0.3 fm.
C. Why the triple-Pomeron vertex has no structure
The elastic slope Eq. (11), which is a half of the pp interaction radius squared, contains two terms. The second term, which depends on energy, has its origin in the Gribov's diffusion of partons in the transverse plane. The first constant term, B 0 el , comes from the the Pomeronproton form factors of the colliding protons.
Analogously, the first term in the triple-Pomeron slope, Eq. (7), should consist of contributions coming from the form factors of both the proton and the triple-Pomeron vertex. Surprisingly, it turns out that B
el which is just the contribution of the target proton. Nothing is left for the triple-Pomeron vertex! This has been another known puzzle since the Regge era [10] .
To evaluate how much a dipole of transverse separation r 0 contributes to the slope compared to the proton contribution, we use the mean transverse diameter of the proton squared, which equals 
This very small result explains why the triple-Pomeron vertex looks structureless in data. This is another manifestation of the presence of small gluonic spots in the proton.
III. TOTAL HADRONIC CROSS SECTIONS: WHY THE ENERGY DEPENDENCE IS SO WEAK
It has been known since 1973 that hadronic cross sections rise with energy approximately as s ǫ , where the exponent is quite small, ǫ ≈ 0.1. What is the origin of this small number? We do not expect any small parameters in the soft regime of strong interactions.
The rise of the cross sections is related to gluon bremsstrahlung. Indeed, without gluon radiation the geometrical cross section of two hadrons would be constant, since their transverse size is Lorentz invariant, i.e. is energy independent. In fact, the radiation of each gluon has a phase space proportional to ln(s), and multigluon radiation leads to powers of ln(s) in the cross section. On the other hand, we have already concluded that radiation of gluons is suppressed if they are located within small spots, since in this case it is difficult to resolve and shake them off. Thus, the suppression of diffractive gluon radiation and the observed weak energy dependence of total hadronic cross sections have the same origin.
The calculations performed in [19] confirm this. The hadronic cross section was found to have the following structure,
where σ 0 is the energy independent term, related to hadronic collisions without gluon radiation. The second term in (15) is related to the contribution of gluon bremsstrahlung to the total cross section. Since this part is expected to be small, σ 1 should be small. Indeed, it was found in [19] that σ 1 = 27/4 C r 2 0 , where the factor C ≈ 2.4 is related to the behavior of the dipole-proton cross section calculated in Born approximation at small separations, σ(r T ) = Cr 2 T at r T → 0. The energy dependence of the second term in (15) was found to be rather steep, with an exponent ∆ = 4α s /3π = 0.17, which seems to be too large compared to the experimentally measured ǫ ≈ 0.1. There is, however, no contradiction due to presence of the energy independent first term in (15) . Approximating the cross section (15) by the simple power dependence on energy, then the effective exponent reads,
So, one should expect a growing steepness of the energy dependence for the total cross section. The value of r 0 can be estimated by demanding that the effective exponent be ǫ ≈ 0.1 in the energy range of fixed target experiments, say at s ∼ 1000 GeV 2 . With σ 0 = 40 mb found in [19] one gets r 0 = 0.3 fm.
Thus, the observed slow rise of the total hadronic cross sections provides another evidence of the existence of small gluonic spots with transverse size r 0 ∼ 0.3 fm.
Notice that Eq. (16) may lead to a nonuniversal energy dependence, which correlates with the magnitude of the total cross section. Unfortunately, the difference between ǫ parameters for πp and pp is too small to be observed. Indeed, both σ 0 and σ 1 for πp collisions are about a factor of 2/3 smaller than for pp, and this difference cancels in (16) .
For heavier flavors a steeper energy dependence should be expected. For instance, in the case of J/Ψ-proton scattering σ 0 is so small, that ǫ ≈ ∆. Indeed, data for J/Ψ photoproduction from HERA [24] show that ǫ ≈ 0.2. One should be careful, however, in interpreting the data within the vector dominance model [25] , and also should remember that Eq. (15) was derived assuming that r 0 is much smaller than the hadronic size, otherwise interferences should be included.
The x-dependence of the proton structure function F p 2 (x, Q 2 ) at small Q 2 also allows to observe the expected nonuniversality of ǫ. We expect σ 0 to fall as
where σ 0 ≈ σ One of the early achievements of the Regge-pole model was the prediction that the slope of the elastic differential cross section should rise linearly with ln(s), as in Eq. (11) . This has been confirmed by data (see Fig. 4) In terms of the parton model such a shrinkage of the diffractive cone looks like a result of Gribov's diffusion, i.e. Brownian motion of cascading partons in impact parameter plane. If gluons are localized within a small area, and to the slope predicted in [19] including the effects of unitarity saturation, respectively. For references to the depicted experimental data see [19] .
i.e. they have a rather large mean transverse momentum, this may substantially slow down the diffusion. Indeed, it was found in [19] that the result of such diffusion is rather weak,
This value is quite below the well known one, α ′ I P = 0.25 GeV −2 , suggested by data shown in Fig. 4 . However, one should be careful with Regge-pole approximations in the case of soft hadronic interactions.
A. Effects of saturation in pp elastic scattering
Since the Pomeron pole amplitude rises with energy as f el (b, s) ∝ s ǫ , it will eventually hit the unitarity limit and break the Froissart bound. However, when the interaction becomes very strong it starts screening not only specific channels, like in (9), but also itself. It is well known since the 70s how Regge cuts, or absorptive corrections, restore unitarity [26] , e.g. in the eikonal approximation one should replace,
Even if the Pomeron slope was zero, α ′ I P = 0, when the amplitude reaches the unitarity bound at small impact parameters, this area rises as function of energy, i.e. the black disk radius squared grows proportionally to ln(s) (amazingly, as for a Regge pole). The effective slope in the Froissart regime reads,
ImΓ(b) [19] . Solid curves show the unitarized elastic amplitude, including Gribov inelastic corrections [27] . Dashed curves correspond to the Reggeon contribution, corrected for absorption.
which is close to the one observed in data, Fig. 4 . We use here B 0 = 8.9 GeV −2 , from Eq. (11). Proton-proton scattering at the highest accessed energies is close to this regime, which is something that can be seen from Fig. 5 , where experimental points are Fourier transformed data for the elastic differential cross section (see details in [19] ). The solid curves show the unitarized elastic amplitude, with input the small Pomeron slope, Eq. (18). The energy dependent slope corresponding to this amplitude is depicted by the solid curve in Fig. 4 . Apparently, it provides a correct value of α ′ ef f , since agreement with data is good.
B. Far from saturation: electroproduction of vector mesons
How to disentangle the effects of unitarity saturation and the genuine Pomeron slope Eq. (18)? For this one should switch to a process which is not affected by the closeness of the unitarity bound. Elastic scattering of a dipole which is considerably smaller than the proton would be a proper case. Indeed, neglecting the real part of the amplitude and assuming exponential t-dependence, the partial amplitude for central collisions (b = 0) reads, For pp collisions this amplitude is slightly below the unitarity limit, since Im f el (b = 0) < 1. For J/Ψ-proton elastic scattering, however, the cross section is about an order of magnitude less than σ pp tot [28] , but the slope is only twice as small as B pp el . Thus, we expect Im f J/Ψp el (0, s) ≈ 0.2 at an energy of the order of √ s ∼ 100 GeV. This value is safely far below the unitarity limit, therefore one should expect no influence of saturation on the value of α ′ I P , which should be as small as given by Eq. (18) .
Therefore to get rid of unitarity corrections one can consider the interaction of a small dipole with a proton, which can be made small if it involves heavy flavors, for instance in photoproduction of heavy quarkonium. In this case the elastic amplitude is also too small to be affected by unitarity (absorptive) corrections. Then the energy dependence of the slope may be solely due to the rice of the gluon clouds. Data for the effective Pomeron trajectory, depicted in Fig. 6 , indeed demonstrate a small slope.
Another way of producing a small dipole is virtual photoproduction of light vector mesons at high Q 2 . Indeed, data depicted in Fig. 7 demonstrate a small slope parameter in photoproduction of ρ-mesons at high Q 2 , which tends to rise towards smaller virtualities.
Here is the list of recent data for the Pomeron slope parameter, measured in different diffractive channels at HERA.
• γp → J/Ψp, [24, 29] ; • γ * p → ρ 0 p, Q 2 = 10 GeV • γ * p → φp, [31] (ZEUS);
The first and second errors are statistic and systematic respectively.
The parameter α ′ I P controlling the energy dependence of the interaction radius is related to the branching process of gluon raduation by gluons. Since each impact parameter step of such a branching is small, ∆b ∼ r 0 , the resulting expansion is slow and α ′ I P according to (18) is small either. The slope of a Regge trajectory α ′ I R is related to gluon emission by a valence quark which also performs Brownian motion in impact parameters. It is known from data that α
At first sight the Brownian motion of a valence quark should be as slow as for gluons, since if the quark-gluon separation is small for both of them. However, there are some differences.
In the case of Pomeron exchange, the gluon should be radiated by a valence quark with a small fractional momentum α ≪ 1 in order to reach small x. In splitting q → qg the recoil quark and gluon get impact parameter shifts ∆b q = αr T and ∆b g = (1−α)r T respectively where r T is the final quark-gluon transverse separation. This, the quark retain its impact parameter, while the gluon makes a transverse step ∆b g ≈ r T .
In the case of Reggeon exchange the valence quark must reach small x, therefore the gluon should be radiated with α ∼ 1, while the fractional momentum of the quark is very small, 1 − α ≪ 1. In this case the quark-qluon separation is shared differently: the gluon shift, ∆b g = (1 − α)r T is vanishing, and the quark makes a maximal step in impact parameters, ∆b q ≈ r T . The light-cone r T -distribution amplitude is also different from Eqs. (2), (3) which assumed α ≪ 1. For finite α → 1 instead of 3) one gets,
where χ i,f are the spinors corresponding to the initial and final quarks, and operator Γ has the form [2, 15] ,
The mean transverse quark-gluon separation here, r 2 T = 1/τ 2 , where
Thus, differently from Eq. (3) r 2 T depends on the quark, rather than gluon mass, i.e. it is quite bigger. Correspondingly, the slope of the Regge trajectory is larger than the Pomeron one, Eq. (18),
Here we assumed that the effective quark mass is of the order of the inverse confinement radius, m q ≈ Λ QCD . This, we get the Reggeon slope α ′ I R ≈ 1 GeV −2 in a very good accord with data. We conclude that the relation between the Reggeon and Pomeron trajectories slopes is a direct consequence of presence of two scales in the hadronic structure.
V. FROM HARD TO SOFT REGIMES: TWO TRANSITION SCALES
The logarithmic Q 2 -derivative of the structure function
2 ) at high Q 2 serves as a measure of the gluon density in the proton. Therefore, one should expect a steep growth of this derivative towards small x. Moreover, this growth should slow down considerably at some very small x, due to saturation of the gluon density, which reaches equilibrium and cannot rise any more. Indeed, such an expectation was confirmed by ZEUS data [36] , plotted in Fig. 8 (frequently called Caldwell plot) . The derivative ∂F 2 (x, Q 2 )/∂ ln Q 2 indeed rises in accordance with DGLAP evolution down to x ∼ 10 −3 , then levels off an eventually steeply drops at x < 10 −4 . It is not a surprise that this observation was interpreted right away [32] as a manifestation of gluon saturation. One should be cautious, however, treating this as small-x data. Such very small values of x are reached here not by means of increasing energy and and keeping Q 2 constant, but decreasing Q 2 . Certainly, one can access any tiny value of x by decreasing Q 2 , but x is not a proper variable at small Q 2 (otherwise one could explore a wonderful range of small-x physics at Jefferson Lab).
A. Fluctuating photon at the soft transition scale
In the perturbative regime a virtual photon fluctuates to aqq pair with a lifetime
where ν is the photon energy;
is theqq invariant mass squared; and k T and α are the quark transverse and fractional longitudinal momenta respectively.
Perturbatively one treats quarks as free particles. How far can q andq fly apart during the lifetime, Eq. (31) ? The transverse speed of a quark of energy αν is v q T = k T /αν (neglecting the quark mass). Therefore, after q andq are produced their separation rises during the lifetime and reaches the value,
The mean value of transverse momentum is given by the energy denominator of the fluctuation, having the same form as in (31), k 2 T = Q 2 α(1 − α). Then, from Eq. (32) we arrive at the meanqq separation squared,
Although this heuristic derivation looks classical, it involves quantum effects via the finite fluctuation lifetime, Eq. (31), which arises from interferences. A full quantum-mechanical description of the time evolution of the fluctuation is presented in [2] . The resulting distribution function is well known [33] , and it is proportional to the modified Bessel function K 0,1 (ǫr), where
q . This is simply a Fourier transform of the energy denominator. The mean transverse separation of theqq is r 2 T = 1/ǫ 2 , which is the same as in (33) if the quark mass is neglected.
The variation of dipole size with Q 2 , Eq. (33), generates the Q 2 dependence of the structure function, which describes quite well the large Q 2 data presented in Fig. 8 .
At high Q 2 one can rely on asymptotic freedom and treat quarks as free particles. This is a key assumption of pQCD. However, in the limit of real photoabsorption, Q 2 → 0, this is not appropriate any more. In this case the quarks are moving within a light-cone potential controlling the mean transverse separation ofqq, which is independent of Q 2 (this explains the success of vector dominance). Thus, the logarithmic Q 2 derivative of F 2 must vanish at Q 2 → 0, and this indeed is confirmed by the data depicted in Fig. 8 .
However, the transition scale for the onset of nonperturbative effects turns out to be too small,
2 . This is much smaller than the values Q 2 ∼ 2 − 4 GeV 2 where the data depicted in Fig. 8 deviate from the pQCD predictions.
B. Semihard transition scale
The smallness of the mean radius of gluon propagation, r 0 , should not affect the proton structure function at small x ≪ 1 and large Q 2 ≫ 4/r 2 0 . In fact, the size of the gluon cloud of aqq fluctuation of the virtual photon is small anyway, smaller than r 0 , since it is cut off by color screening in the same way as in the case of color transparency. However, when the mean dipole separation 2/Q becomes larger than r 0 , the interference between gluon radiation by the q andq weakens, and they acquire independent (and Q 2 independent) gluon distributions. Thus, the presence of the semihard scale 1/r 0 leads to a turn-over in the Q 2 dependence of the structure function at
At smaller Q 2 , or larger dipole separation, the dipole cross section is believed to level off. Using the popular parametrization from [34] we get,
Thus, the logarithmic derivative stops rising at Q 2 ∼ Q 2 s ≈ 1 GeV 2 and turns down. This is in fair agreement with the above estimate.
One can rephrase this in momentum representation: when theqq relative transverse momentum, k q T ∼ Q/2, is much smaller that the generic transverse momentum of gluons, k g T ∼ 1/r 0 , the variation of Q, i.e. of the dipole size, does not affect the gluon radiation any more. The dipole cross section levels off at large separation, leading to a reduction of the logarithmic derivative Eq. (34) .
The observed behavior of the logarithmic Q 2 derivative of F 2 (x, Q 2 ) has been interpreted in terms of low-Q 2 behavior, rather than low-x, in Ref. [35] . However, a semi-hard scale Q 2 0 = 2 GeV 2 was in this case introduced, with no motivation.
C. Variation of the energy dependence with the scale
One of the main results of HERA is the observation of a steep rise with Q 2 of the energy slope λ ef f (Q 2 ) = d ln(F 2 )/d ln(s), which is well explained by DGLAP evolution. On the other hand, one expects λ to approach the known hadronic value λ = 0.1 in the soft limit Q 2 → 0. At which value of Q 2 does this transition happens ? The change of regime should occur for the same reason as it was discussed above for the logarithmic Q 2 derivative, namely, when the meanqq separation exceeds the mean sized of the gluonic clouds, r 0 ≈ 0.3 fm. Therefore it is expected to happen at the same semi-hard scale. ZEUS data for λ ef f (Q 2 ) presented in Fig. 9 confirm this.
VI. FERMI MOTION OF QUARK AND GLUONS
At a soft scale one does not resolve the gluonic structure of a hadron, but only the valence quarks. The mean transverse Fermi momentum of these quarks is small,
At higher scale relevant to hard reactions one can resolve the structure of the valence quarks, i.e. the presence of gluons and sea quarks. Since those are located at small separations, ∼ r 0 , from the valence quark, both have more intensive intrinsic Fermi motion, , calculated in [37] by fitting F2 = Ax −λ ef f to ZEUS and E665 data with x < 0.01. The DL and GRV94 calculations are from Ref. [38] and the GRV94 NLO fit [39] , respectively.
Such a large primordial momentum should affect the onset of the hard regime in the particular process.
A. Cronin effect
A projectile parton propagating through a nucleus experiences multiple interactions increasing its transverse momentum. Then the parton participating in a hard collision inside the nucleus has an increased transverse momentum compared to Eq. (36) , which corresponds to the interaction with a free proton,
where ∆k 2 is the nuclear broadening. This observation helps to understand the Cronin effect [40] of nuclear enhancement of hadron production with high p T . Apparently, the strength of the effect depends on the relative values of the two terms in (37). In the limit of a weak primordial motion the effect should be strongest, while in the case of k 2 0 ≫ ∆k 2 the effect will disappear.
A rather strong Cronin effect was observed in fixed target experiments, where production of high-p T hadrons is dominated by scattering of valence quarks [7] which have a small primordial k T ∼ 1 fm −1 . One can access the gluons only at sufficiently high energies. Relying on the above consideration, a very weak Cronin enhancement was predicted in [7] at √ s = 200 GeV, as is depicted in Fig. 10 . A several times stronger effect was predicted in [41] 1 , and a suppression, rather than enhancement, was the expectation of the color glass condensate (CGC) model [44] . The latest data from the PHENIX experiment at RHIC, depicted in Fig. 10 , confirms the prediction of [7] . [7] It is worth mentioning that interferences, which are usually assumed to be negligible for hard reactions on nuclei, become important if the collision energy is sufficiently high. In this case the process is called coherent. The mechanisms of the Cronin enhancement are quite different in these two limiting cases. In the case of incoherent hard interaction the incoming projectile partons (mainly valence quarks) experience initial state multiple soft rescattering leading to a high-p T enhancement, and the projectile gluons located in small spots are not resolved. If, however, the energy is sufficiently high, the lifetime of the hard fluctuation exceeds the nucleus size and the process becomes coherent. In this case gluons are well resolved, since they dominate the production of high-p T partons. Such a coherent regime is relevant for hadron production at medium large p T at RHIC, and it dominates a large range of p T at LHC energies. Besides, in the latter case the Cronin effect is substantially reduced by shadowing (see next Sect.), as is demonstrated in Fig. 10 .
In the coherent regime the interaction resolves the gluons and their primordial transverse momentum is of great importance: the larger it is, the smaller is the Cronin enhancement. This is demonstrated on Fig. 11 for coherent gluon radiation by a quark propagating through a nucleus. The depicted ratio of the radiation cross sec -FIG. 11 : Nucleus-to-proton cross section ratio for gluon radiation as function of pT . The upper and bottom curves correspond to mean gluon propagation distances 1 fm (long range) and 0.3 fm (small spots) respectively [15] .
tions on nucleus-to-proton targets is calculated with different assumptions about the mean propagation length of gluons. The upper curve corresponds to a long range propagation ∼ 1 fm, while the bottom one assume that gluons are confined within small spots ∼ 0.3 fm. In the latter case the gluon primordial momentum is larger, correspondingly the Cronin enhancement is much weaker in a good accord with RHIC data shown in Fig. 10 .
B. Other processes
The mean primordial transverse momentum of projectile partons can be generated perturbatively. Namely, higher order processes include gluon bremsstrahlung, which leads to increasing transverse momenta of partons radiating gluons. Nevertheless, NLO calculations fail to explain data on Drell-Yan reactions [45] , direct photon [46] and heavy flavor production [47] , unless an additional primordial transverse momentum k T is introduced. All these reactions demand a mean primordial momentum,
Comparison of NLO calculations and data [46] , for both direct photons and neutral pion production, is depicted in Fig. 12 . The primordial momentum k T ≈ 1.2GeV seems to provide the best description of data. This value is somewhat larger than the semihard scale under discussion, but it includes contributions from higher than NLO terms. Besides, in this calculations there is no strict border between the soft part of gluon radiation responsible for k T , and the hard part ascribed to the perturbative NLO part.
Notice that in the dipole description of direct photon [15, 48] and Drell-Yan pair [49] production there is no need (no uncertainty either) to introduce any primordial momentum, beyond a soft one related to the hadron size. GeV, compared to kT -corrected NLO calculations [46] . Bottom: the ratio (DataTheory)/Theory for direct photon production. Theory is the NLO calculations with primordial parton momentum kT .
The semihard primordial momentum is included by default in the phenomenological dipole cross section.
A similar value of the primordial momentum was extracted from azimuthal angle correlations measured in high-p T di-hadron production at RHIC [50] ,
However, in this case no NLO calculation has been performed, and it is not clear which part of this primordial momentum has a nonperturbative origin. Another observable sensitive to the primordial parton motion is the so called seagull effect, the dependence of mean transverse momentum of produced hadrons on Feynman x F . The observed shape of the x F -dependence is a result of fragmentation of forward jets [51] . Their transverse momenta include the primordial one. In was found [52] that data demand a rather large k T ∼ 0.5 − 1 GeV.
VII. NUCLEAR GLUE: SATURATED OR DILUTE?
Gluon clouds originated from different nucleons can overlap in longitudinal direction at small x, since the internucleon spacing contracts ∝ 1/E, while gluon clouds at small x shrink as 1/xE. This is illustrated in Fig. 13 . Since gluons overlap they can interact and fuse, and this leads to a reduction of the number of gluons in nuclei at small x. This phenomenon is called gluon shadowing. It turns out that the smallness of the gluonic spots affects the longitudinal overlap. First it makes the clouds effectively shorter in the longitudinal direction. Indeed, the coherence length which controls the overlap of the clouds is shorter, since gluons with an enhanced transverse motion are effectively heavier. The coherence length has the form,
where the factor P is usually assumed to be p ≈ 1/2. However, even for quarks P depends considerably on the polarization of the virtual photon, but for gluons it is an order of magnitude shorter [53] . One can see this in Fig. 14 . Thus, gluons need much smaller x than quarks to overlap in longitudinal direction, i.e. the onset of gluon shadowing occurs at quite smaller x than for quark shadowing.
However, it is not sufficient for gluons to overlap in longitudinal direction, in order to interact they also have to overlap in transverse plane. If gluon clouds are as big as the proton, the mean number of other clouds seen by a particular one is πR On the other hand, if the quark-gluon separation is as small as r 0 , the mean number of other dipoles overlapping transversely with this one is, n = 3πr
This shows that even at small x the overlap of gluons is very small, therefore shadowing is weak. An example is depicted in Fig. 15 Experimental information about gluon shadowing is extremely scarce. Only one experiment, NMC [54] , was able to detect a variation with Q 2 of nuclear effects in DIS at small x. Leading order DGLAP analysis [55, 56] of this data were unable to extract gluon shadowing. Only NLO analysis by De Florian and Sassot [43] turned out to be sensitive to gluon shadowing, which was found to be very weak, as predicted in [2] , and even somewhat weaker.
Unfortunately, this evidence of gluon shadowing is based on the results of only one experiment. New measurements are desperately needed, and the eRHIC collider would offer a wonderful opportunity for this physics.
VIII. SUMMARY
Presence of the semi-hard scale in hadrons, corresponding to distances as small as 0.3 fm leads to numerous observable effects. It helps to explain from a common point of view a series of puzzling features observed in particle collisions at high-energies.
• Smallness of the triple-Pomeron coupling, which means that diffractive gluon radiation is suppressed.
• t-independence of the triple-Pomeron coupling.
• Small value of the Pomeron intercept, α I P (0) − 1 = 0.1.
• Small value of of the Pomeron trajectory slope, α 30), is a direct consequence of the two-scale structure of hadrons.
• The two hadronic scales can be seen in the transition from hard to soft regimes in deep-inelastic scattering. The logarithmic derivative ∂F 2 /∂ ln(Q 2 ) vanishes at very small Q 2 < 4Λ 2 QCD , but deviates from the expected DGLAP behavior at much higher values Q 2 ∼ 2 GeV 2 .
• Presence of the semihard scale in the primordial transverse momenta of partons leads to a very weak nuclear (Cronin) enhancement of high-p T hadrons observed in data at RHIC. This means that color glass condensate is a rather weak effect in the available energy range.
• Other hard reactions sensitive to the primordial parton motion (direct photon, Drell-Yan dileptons, heavy flavors, back-to-back di-hadrons, seagull effect, etc.) also demand a large transverse momenta of the projectile partons, which cannot be explained by NLO calculations.
• NLO analysis of nuclear structure functions demonstrates a very weak gluon shadowing which is a clear result of a strong gluon localization. This result bridges to the observed weak diffractive excitation of gluonic degrees of freedom. Indeed, nuclear shadowing is directly related to diffraction via Gribov's inelastic shadowing [27] .
Notice that for most experimental facts presented in this list no alternative explanation has been proposed so far. Therefore they maybe considered as solid experimental evidences in favor of presence of a semi-hard scale in hadronic structure. Still, this important issue demands further study, and new precise data are desperately needed. In this respect a planned electron-nucleus collider (eRHIC) will be a wonderful facility for these researches.
